CD10 has been demonstrated to be positive in endometrial stromal sarcoma (ESS) and thus is useful in establishing the diagnosis, but its expression in malignant müllerian mixed tumor (MMMT) and müllerian adenosarcoma remains to be clarified. In this study, 12 cases of MMMT (9 uterine, 2 tubal, and 1 metastatic), 6 cases of müllerian adenosarcoma (three corporeal, two cervical, and one tubal), and 7 cases of primary uterine sarcomas had their tissues examined immunohistochemically for expression of CD10, desmin, myoglobin, ␣-smooth muscle actin (SMA), and cytokeratin. Of the primary uterine sarcomas, two were primary rhabdomyosarcomas (one cervical and one corporeal), two were ESSs, two were high-grade leiomyosarcomas, and one was a high-grade endometrial sarcoma. Sarcomatous components in all cases of MMMT and müllerian adenosarcoma, as well as all uterine sarcomas, were positive for CD10, showing moderate to marked staining intensity with varying distribution except in one MMMT, which showed weak and very focal staining. In four MMMTs, three adenosarcomas, and one rhabdomyosarcoma, myoglobinand/or desmin-positive rhabdomyoblastic cells were positive for CD10. The immunoreactivity for CD10 showed the same distribution for ␣-SMA and myoglobin in three and two MMMTs, respectively. In five cases of MMMT, carcinomatous components were focally positive for CD10, and in two cases small populations of round or short spindle cells in sarcomatous components were positive for CD10, ␣-SMA, and cytokeratin (CAM5.2). These results indicate that CD10 expression is not restricted to ESS 
CD10 or the common acute lymphoblastic lymphoma antigen (CALLA), a cell surface-neutral endopeptidase (NEP or EC 3.4.24.11) degrading various bioactive peptides, has been used as a diagnostic tool for precursor B-cell and T-cell acute lymphoblastic leukemia (1, 2) , as well as Burkitt lymphoma (3) and follicular lymphoma (4) . Recent studies have demonstrated that CD10 is expressed in a variety of nonhematopoietic tumors, including renal cell carcinoma (5) (6) (7) (8) , transitional cell carcinoma (8) , hepatocellular carcinoma (9, 10), gastric and colonic adenocarcinoma (11) , prostatic adenocarcinoma (8) , rhabdomyosarcomas (8) , pancreatic adenocarcinomas (8) , solid-pseudopapillary tumor of the pancreas (12) , clear cell sarcoma of the kidney (13) , glioma (14, 15) , mediastinal germ cell tumors (16) , schwannomas (8) , malignant melanomas (8, 17) , dermatofibroma (17) , and dermatofibrosarcoma (17) . In addition, CD10 is expressed on endometrial stromal cells (18, 19) and thus has been considered useful in making a diagnosis of endometrial stromal sarcoma (ESS; 8, 20 -23) , which should be distinguished from cellular leiomyoma or leiomyosarcoma. However, CD10 expression in malignant müllerian mixed tumors (MMMTs) and müllerian adenosarcomas has remained to be clarified. Both of these tumors, which are considered to possess müllerian system-derived mesenchymal components, could pose potential diagnostic pitfalls, particularly when limited tissue sampling without epithelial components occurs. In this study, we examined MMMTs, adenosarcomas, lowgrade ESSs, high-grade uterine leiomyosarcomas, primary uterine rhabdomyosarcomas, and high-grade endometrial sarcoma to demonstrate the utility and pitfall of CD10 paraffin immunohistochemistry, as well as to provide a better understanding of the phenotypic characteristics of müllerian-derived neoplastic mesenchymal cells.
MATERIALS AND METHODS
Twelve cases of MMMT (9 uterine, 2 tubal, and 1 metastatic), 6 müllerian adenosarcoma (three corporeal, two cervical, and one tubal), and 7 cases of uterine sarcoma, were retrieved from the files of Kawasaki Medical School Hospital and Jikei University School of Medicine and from consultation files of two of the authors (Y.M. and T.K.). Of the uterine sarcomas, there were two low-grade ESSs, two highgrade leiomyosarcomas, two primary rhabdomyosarcomas (one cervical and one uterine), and one high-grade endometrial sarcoma. All hematoxylin and eosin (H&E)-stained slides were reviewed for confirmation of the diagnoses, and representative blocks were selected and submitted to immunohistochemistry. The antibodies, vendor sources, and working dilutions are listed in Table 1 . Sections (4 m thick) were cut from paraffin blocks of formalin-fixed tissues and were deparaffinized in xylene and rehydrated in graded alcohols. Immunohistochemical studies were performed using a streptavidin-biotin peroxidase complex method with standard protocols (DAKO, Glostrup, Denmark) for CD10, which was incubated with sections after treatment using a microwave antigen retrieval technique with 10 mM citrate buffer, pH 6.0, at high temperature for 5 minutes. Slides were stained with 3,3'-diaminobenzidine as chromogen. For other antibodies, the Envision system (DAKO) was employed without antigen retrieval. The immunostaining results were evaluated in semiquantitative fashion. The distribution of positive cells was expressed as focal (Ͻ10%), intermediate (10 -50%), or extensive (Ͼ50%).
RESULTS
The sarcomatous components in all cases of MMMT (Figs. 1-4) , as well as müllerian adenosarcoma (Fig. 5 ) and primary rhabdomyosarcoma, were positive for CD10, showing moderate to marked staining intensity with intermediate to extensive distribution, except in one MMMT that showed only focal staining (Table 2) . Two lowgrade ESSs were diffusely positive with moderate to strong intensity, whereas high-grade endometrial sarcoma showed moderate intensity and intermediate distribution. In general, spindle and ovoid cells in MMMTs and adenosarcomas were positive regardless of the degree of cytologic atypia, showing a distinct cytoplasmic staining pattern (Fig. 2) . In four MMMTs (Fig. 3) , three adenosarcomas, and one rhabdomyosarcoma, myoglobin and/or desmin-positive rhabdomyoblastic cells with abundant eosinophilic and filamentous cytoplasm were positive for CD10. The immunoreactivity for CD10 showed a similar distribution for ␣-SMA and myoglobin in three and two MMMTs, respectively, but cells negative for ␣-SMA and myoglobin were also positive for CD10 in some areas. Chondroid and osteosarcomatous components were negative for CD10. In seven cases of MMMT, carcinomatous components, portions of serous or endometrioid adenocarcinoma, and areas showing squamous differentiation and some poorly differentiated solid carcinoma were focally positive for CD10 with cytoplasmic and/or membranous staining patterns (Fig. 4) . Differentiation of carcinomatous components was not correlated with CD10 immunoreactivity. In two cases, small populations of round or short spindle cells in sarcomatous components were positive for CD10 and CAM5.2 and ␣-SMA. In all cases of müllerian adenosarcomas, hypercellular areas consisting of CD10-positive neoplastic spindle cells with strong staining intensity were accentuated in a concentric fashion around the neoplastic glands or cystic spaces (Fig. 5 ). Of note, in two high-grade leiomyosarcomas, neoplastic cells with pleomorphic nuclei and abundant eosinophilic cytoplasm showed strong and extensive cytoplasmic staining for CD10 (Fig. 6 ). Normal endometrial stroma that was evaluated as an internal control was diffusely positive for CD10, whereas myometrium was negative for CD10.
DISCUSSION
Distinction between low-grade ESS and cellular leiomyoma or low-grade leiomyosarcoma can be a problem in the practice of surgical pathology. A constellation of features, that is, resemblance to proliferative-phase endometrial stroma, characterized by closely packed small to medium-sized uniform cells with spindle-shaped or plump ovoid nuclei and numerous small vessels mimicking the spiral arteries and by infiltrative growth in the myometrium, have been considered to be diagnostic. However, occasional smooth muscle differentiation in ESS as represented by expression of ␣-SMA and/or desmin (24 -26) may lead to an erroneous interpretation of the results of immunohistochemistry. h-Caldesmon is considered to be a specific smooth muscle marker that is positive in welldifferentiated smooth muscle cells and negative even in desmin-and/or ␣-SMA-positive ESS and thus is considered to be useful in distinguishing smooth muscle tumor from ESS (27, 28) . Therefore, currently a panel employing a combination of CD10 and h-caldesmon seems contributory in making the distinction between ESS and smooth muscle tumor. The current study disclosed that MMMTs and adenosarcomas showed distinct cytoplasmic staining for CD10. Recently, four studies have addressed the issue of the utility of CD10 for the diagnosis of ESS, but there has been insufficient information on CD10 expression in MMMTs and adenosarcomas (20 -23) . Only one case of uterine MMMT in the series examined by McCluggage et al. had endometrial stromal components positive for CD10, showing focal and weak immunoreactivity (22) . In 11 (92%) of 12 cases of MMMTs and all six (100%) cases of adenosarcoma in our series, sarcomatous components were positive for CD10 with moderate to strong staining intensity and intermediate to extensive distribution. These results are considered significant in contrast to a variety of mesenchymal tumors hitherto examined. Chu and Arber (8) demonstrated that rhabdomyosarcoma most frequently expressed CD10 with a positive rate of 60% (3/5), which was followed by liposarcoma (50%), schwannoma (45%), epithelioid sarcoma (28%), and leiomyosarcoma (6%). These observations indicate that CD10 expression in the sarcomatous component of MMMTs and adenosarcomas is more than coincidental. From the view of tumorigenesis, it seems reasonable that the sarcomatous component in MMMTs and adenosarcoma, both of which are müllerian derived, show differentiation into the endometrial stroma as represented by CD10 expression. Interestingly, one high-grade endometrial sarcoma in our series, predominantly involving the endometrium and inner half of the myometrium, showed immunoreactivity for CD10, which suggests a possible endometrial stromal origin, although in the current view the use of the term high-grade endometrial stromal sarcoma is not preferred to designate such a tumor because of absence of distinct evidence of stromal differentiation in the literature (29 -31) .
In general, MMMT can be distinguished from low-grade ESS by high-grade morphology of the sarcomatous component, occasional heterologous components such as cartilage or striated muscle, and the coexistence of malignant epithelial components, which can be serous, endometrioid, mucinous, and/or squamous cell carcinoma, whereas adenosarcoma is distinguished by a mixture of benign-looking müllerian-type epithelium and sarcomatous components. In MMMTs and adenosarcoma, however, sarcomatous components can be prominent and may vary in degree of atypia, ranging from low-grade to high-grade, both of which can be CD10 positive. Therefore, in cases in which only limited sampling has been possible, the distinction between these tumors could be difficult, and in such situations immunohistochemistry for CD10 expression might be misleading.
Other notable findings are the existence of CD10-positive carcinomatous components and rhabdomyoblastic cells in MMMTs. Occasionally both CD10 and keratin-positive spindle cells in sarcomatous components and CD10-positive carcinomatous components link epithelial and nonepithelial components in the histogenesis of MMMT. The origin of MMMT has been a controversial issue, but some investigators favor an epithelial nature of the tumor based on the observation that its biologic behavior is closer to endometrial carcinoma rather than true sarcoma (32, 33) and that both tumors are related to the same etiologic factors (34). Therefore, it seems possible that the CD10-positive sarcomatous component is a derivative of CD10-positive epithelial components through the process of mesenchymal metaplasia. Another explanation is that epithelial and nonepithelial components originate from common stem cells independently. Nevertheless, the significance of CD10 expression in both epithelial and nonepithelial components remains to be defined.
Myoglobin-and/or desmin-positive rhabdomyoblastic cells with abundant eosinophilic and filamentous cytoplasm in MMMTs and adenosarcomas were consistently CD10 positive, as they were in the one primary uterine rhabdomyosarcoma. Chu and Arber (8) demonstrated that 3 (60%) of 5 extrauterine rhabdomyosarcomas were also positive for CD10, suggesting CD10 expression is not restricted to rhabdomyoblastic cells in uterine tumors. On the other hand, the intimate relationship between endometrial stroma and skeletal muscle differentiation is suggested by the rare examples of stromal nodule with skeletal muscle differentiation (35) , ESS with rhabdoid differentiation (36) , and adenomyofibroma with skeletal muscle differentiation (37) . Therefore, CD10 expression might be a common phenotypic characteristic suggesting mül-lerian derivation of rhabdomyoblastic cells, although this subject requires further studies and assessment.
In our series, high-grade leiomyosarcomas showed distinct and extensive immunoreactivity for CD10 in areas. Recent studies have also shown that a small population of leiomyoma and leiomyosarcoma are focally positive for CD10 (20 -22) . Although CD10 expression in smooth muscle tumors seems an uncommon event, high-grade leiomyosarcomas still need to be examined because our data suggest that CD10 expression is not contributory in distinguishing between ESS and high-grade leiomyosarcoma. The significance of CD10 expression in smooth muscle tumors also remains unclear, but it is possible that CD10 expression represents true endometrial stromal differentiation.
In summary, the current study has disclosed that the sarcomatous components of MMMTs as well as adenosarcoma are almost always positive for CD10. In addition, high-grade endometrial sarcoma and leiomyosarcoma can also be positive. Therefore, distinction between these tumors should rely on a constellation of morphologic features combined with CD10 immunohistochemistry. CD10 expression might be a common immunophenotypic characteristic of neoplastic mesenchymal cells of mül-lerian origin, which is shared by ESS, MMMT, adenosarcoma, rhabdomyosarcoma, and leiomyosarcoma. The significance of CD10 expression still needs to be pursued by further studies.
